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DiluentAbstract The extraction of methylene blue dye from aqueous solutions has been investigated using
sodium dodecylbenzenesulfonate as an extractant. The various diluents used were benzene, toluene,
xylene and dichloroethane. Dichloroethane was found to be the most effective diluent for
the extraction of the dye. The investigated parameters, governing the extraction of the dye,
were equilibrium time, pH of the dye solution, extractant concentration, dye concentration, temper-
ature and aqueous to organic phase ratio. The dye was totally extracted at the optimum conditions.
The dye loaded in the organic phase was stripped using various types of acids as stripping agent;
complete recovery of the dye was achieved using 0.5 M thiourea in 1 M HCl.
ª 2014 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Dyes are widely used in various industries such as textile,
paper, leather and plastic. Textile industries produce large
amounts of liquid wastes that contain organic and inorganic
compounds [1]. The major operations performed in a typical
textile processing industry are desizing, scouring, mercerizing,
bleaching, neutralizing, dyeing, printing and ﬁnishing. The dis-
charge of polluted efﬂuents and use of various raw materials
may cause contamination of soil, ground water and surfacewater which may have adverse consequences on environment
in general and local population in particular. The efﬂuents
generated from the textile industry are of utmost concern
because of their high volume and pollution potential. The
release of colored wastewater from this industry may present
eco-toxic hazard and may eventually affect human life through
food chain if accumulated [2]. Color interferes with the trans-
mission of sunlight into the stream and therefore reduces pho-
tosynthetic action so it is essential to treat the textile
wastewater prior to discharge [3].
Methylene blue (MB) is one of the most commonly used
substances for dyeing cotton, wood and silk. Though MB is
not strongly hazardous, it can cause some harmful effects
where acute exposure to MB will cause increased heart rate,
vomiting, shock, cyanosis, jaundice, and quadriplegia and tis-
sue necrosis in humans [4]. It is, therefore, essential to remove
the dye from wastewater or treat it in such a way so as to
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78 E.-S.Z. El-Ashtoukhy, Y.O. Fouadminimize the damage to the environment and also to decolor-
ize the water [5]. Various methods have been used to remove
dyes from aqueous solutions. The widely used methods
include micellar enhanced ultraﬁltration [6], several oxidation
processes [7], electrochemical degradation [8], ozone based
processes [9], photo catalytic degradation [10–16], electrocoag-
ulation [17], nanoﬁltration (NF) [18–21], adsorption onto agri-
cultural solid waste [22], different bentonites [23], various types
of activated carbon [24,25], biological treatments [26–28]. The
physical methods are non-destructive and merely transfer the
pollutants from one medium to another, thus giving secondary
treatment [29]; chemical methods are not economically viable
due to high dosage and production of a large quantity of
sludge [30–32]. Ultraﬁltration (UF) and nanoﬁltration (NF)
can be used for complete removal of all classes of dye, but care
is needed to avoid membrane fouling which decreases the
ﬂux. Due to low biodegradability of dyes, the conventional
biological wastewater treatment process is not very efﬁcient
in treating dye containing wastewater [33].
In recent years, much attention has been focused on a sep-
aration technique such as solvent extraction or liquid–liquid
extraction (LLE) [34–39]. LLE is based on the principle that
a solute can distribute itself in a certain ratio between immis-
cible solvents, and the extraction process depends on its mass
transfer rate [40]. Advantages of LLE include high throughput,
ease of automatic operation and of scale up and high puriﬁca-
tion [41].
In the present work the inﬂuence of the main operating
parameters, such as effect of equilibrium time, dye concentra-
tion, initial pH, effect of diluents, sodium dodecylbenzenesul-
fonate, temperature and aqueous to organic phase ratio on
extraction of dye from aqueous solution has been investigated.
Also, the stripping of dye from organic phase and the reusabil-
ity of solvent have been studied.
2. Experimental technique
Commercially available methylene blue dye was used for the
preparation of synthetic dye solution. The dye was obtained
from El-Nasr Company, Alexandria, Egypt, and its molecular
structure is shown in Fig. 1. Sodium dodecylbenzenesulfonate
(MW= 348.5) was used as an ionic surfactant. The solvent
used for the removal of dye from water was dichloroethane.
UV–visible spectrophotometer (Labomed, USA) with the cal-
ibration method at maximum wavelength of 640 nm was used
to measure the absorbance of the dye. pH of an aqueous solu-
tion was measured by a pH meter and was adjusted by sodium
hydroxide and nitric acid solutions. The dye solution was pre-
pared in distilled water. Hydrochloric acid mixed with thiourea
was used as stripping agent. All chemicals used in this study
were of AR grade.
The organic solvent used for extraction was added to the
prepared aqueous dye solution in a glass-stoppered bottle.Figure 1 Structure of methylene blue.The pH was adjusted and the bottles were shaken in a thermo-
statted shaker at 250 rpm for a known time. The two-phase
dispersions were allowed to settle for 48 h to form two clear
liquid phases: the solvent phase containing the dye and the
clear aqueous phase. Samples were drawn from aqueous phase
using 10 ml pipette for absorbance measurement of the dye to
determine dye concentration. The percentage of extraction (E)
was calculated as follows:
E ¼ Caq0  Caq
Caq0
 100 ð1Þ
where Caq0 is the initial dye concentration of aqueous phase
(mg/L), Caq is the dye concentration of aqueous phase after
extraction (mg/L).
In stripping, the loaded extractant and the aqueous acid
solution were added together into a glass stoppered bottle
and shaken at 250 rpm for a known time. The content was then
allowed to settle for 20 min. The aqueous strippant was taken
for dye concentration measurements.
3. Results and discussions
In order to evaluate the effect of pH of the solution on the per-
centage of dye extracted, a series of experiments were per-
formed and the dye solution was adjusted to the desired pH
by adding NaOH or HNO3 solutions. As shown from Fig. 2,
the percentage dye extracted increases from 20.2% to 100%
as the pH increases from 2 to 12. The changes in the behavior
of the dye could be attributed to the hydrolysis or aggregation
at these pH conditions [35]. The results reveal that the maxi-
mum extraction of dye occurred in the pH range of 9–12.
For further studies, it was decided to maintain the extraction
at pH 11.
The effect of equilibrium time on the percentage of dye
extracted was studied at 10, 15, 20, 25 and 30 min. Fig. 3 shows
that the percentage of extraction increased signiﬁcantly at
the initial stage (93.65%). The extraction efﬁciency of dye
increased with increase in equilibration time. The whole
dye was transported to the organic phase after 25 min (100%
dye extracted), and hence an equilibrium period of 25 min. is
recommended.
The effect of sodium dodecylbenzenesulfonate on the
extraction of dye from aqueous solution was investigated in
the concentration range 0.02–0.07 M. Fig. 4 shows that the
percentage of extraction increased signiﬁcantly in all concen-
tration ranges with maximum extraction occurring at 0.06
and 0.07 M; therefore, all subsequent experiments were per-
formed at 0.06 M.0 
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Figure 2 Effect of pH. (A/O phase ratio = 1:1, dye concentra-
tion = 30 mg/l, extractant concentration = 0.06 M, equilibrium
time = 25 min., temperature = 20 C).
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Figure 3 Effect of equilibrium time. (A/O phase ratio = 1:1, dye
concentration = 30 mg/l, extractant concentration = 0.06 M,
pH = 11, temperature = 20 C).
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Figure 4 Effect of extractant concentration. (A/O phase
ratio = 1:1, dye concentration = 30 mg/l, equilibrium
time = 25 min, pH= 11, temperature = 20 C).
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Figure 5 Effect of diluents. (A/O phase ratio = 1:1, extractant
concentration = 0.06 M, dye concentration = 30 mg/l, equilib-
rium time = 25 min, pH = 11, temperature = 20 C).
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Figure 6 Effect of dye concentration. (A/O phase ratio = 1:1,
extractant concentration = 0.06 M, equilibrium time = 25 min,
pH = 11, temperature = 20 C).
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Figure 7 Effect of temperature. (A/O phase ratio = 1:1, extract-
ant concentration = 0.06 M, dye concentration = 30 mg/l, equi-
librium time = 25 min, pH = 11).
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benzene, xylene and dichloroethane on the percentage of dye
extraction. All the experiments were performed using 30 mg/l
initial dye concentration, pH equal 11, 1:1 extraction phase
ratio, 0.06 M extractant concentration and 25 min equilibrium
time. The maximum degree of extraction of the dye (100%)
was achieved with dichloroethane. Therefore, succeeding tests
were carried out using dichloroethane as diluents.
The initial dye concentration was varied in order to check
its inﬂuence on the percentage of dye extraction. The dye solu-
tions with different initial concentrations in the range 30–
100 mg/l were tested under constant conditions. Fig. 6 shows
that the percentage dye extracted decreases from 100% to
78% as the initial concentration increases from 30 to
100 mg/l. The decrease in extraction with increase initial dye
concentration can be explained by the fact that at higher dye
concentration, the limited extractant in the solution cannot
react with the excess dye [42]. The decrease in percentage dye
removal with increasing initial dye concentration may beattributed to the tendency of dye molecules to associate and
form aggregates of low diffusivity with increasing initial dye
concentration [43], and this reduces the rate of dye extraction
which is a diffusion controlled process.
The effect of temperature on dye extracted was investigated
at 20 C, 30 C, 35 C 40 C, 45 C and 50 C. The percentage
of dye extracted decreases from 100% to 90.4% as temperature
increases from 20 to 40 C respectively, and beyond this tem-
perature there is no signiﬁcant effect on dye extracted as shown
in Fig. 7. The decrease in percentage dye extracted is probably
due to the evaporation of the solvent at high temperatures.
Further studies were carried out at 20 C.
The aqueous to organic phase ratios (A/O) of 1:1, 2:1, 3:1
and 4:1 were used to study its effect on the extraction of dye
under constant conditions. The maximum extraction was
observed at ratio 1:1 (100%) and decreased to 90.1% at 4:1
ration as shown in Fig. 8. The ratio 1:1 yielded high percentage
of dye extraction probably because the free concentration of
sodium dodecylbenzenesulfonate in the organic phase is higher
when the aqueous to organic phase ratio is lower [44].
It is important to strip the dye from organic phase and
allow the reuse of organic solvent without loss in efﬁciency
in L–L extraction process. Various acids were used in this
study such as sulfuric acid, hydrochloric acid, Nitric acid
and acetic acid as stripping agents. Different concentrations
of the mentioned acids were used for the purpose of the strip-
ping process, but there is no noticeable results obtained. Also
when a mixture of these acids with thiourea was used no results
were obtained except in case of hydrochloric acid. When a mix-
ture of hydrochloric acid (1 M) and thiourea of different con-
centrations (0.5 M, 0.75 M and 1 M) was used, the dye was
removed completely from the organic phase.
Further the organic phase is reused in extraction process for
a dye concentration of 30 mg/l to check the reusability of the
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Figure 8 Effect of aqueous to organic phase ratio (A/O).
(Extractant concentration = 0.06 M, dye concentration =
30 mg/l, equilibrium time = 25 min, pH = 11, temperature =
20 C).
80 E.-S.Z. El-Ashtoukhy, Y.O. Fouadsolvent. A sample of 25 ml of the dye solution (pH= 11) was
mixed with 25 ml of the recovered solvent (0.06 M) at 250 rpm
for 25 min and allowed to settle for 48 h. A sample of the
aqueous phase was analyzed using spectrophotometer to deter-
mine the percentage of dye removal, about 100% of dye was
removed.
4. Conclusions
The inﬂuence of equilibrium time, pH of dye solution, extract-
ant concentration, dye concentration, temperature, diluents
and aqueous to organic phase ratio on the extraction of dye
from aqueous solution was investigated. The results showed
that the dye was totally removed under the optimum condi-
tions. For stripping process, the best stripping agent for meth-
ylene blue was 0.5 M thiourea in 1 M HCl. The solvent can be
reused without loss of efﬁciency.
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